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ABSTRACT

Purpose Gastrointestinal ultrasound (GIUS) is a noninvasive
imaging technique that may be used to study physiological
changes in the small bowel. The aim of the study was to inves-
tigate the feasibility of measuring blood flow (BF) in the supe-
rior mesenteric artery (SMA) and regional motility in the small
bowel with GIUS before and after a test meal and to compare
ultrasound parameters to demographic factors such as age,
sex, height, weight, and smoking habits.

Materials and Methods 122 healthy volunteers aged 20 to 80
were examined after an overnight fast. Small bowel motility
was registered in the upper left and lower right quadrants (ULQ
and LRQ) with TUS and BF in the SMA with pulsed wave Doppler.
The first 23 volunteers also received a 300 Kcal test meal and
were re-examined 30 min postprandial.

Results The feasibility of measuring BF was 97 % in fasting pa-
tients while motility could be detected in 52 % and 62 % in the
ULQ and LRQ, respectively. Females had a lower resistive index
(RI) and a higher mean velocity than males, while the overall
BF correlated with height. The Rl had a negative correlation
with age. Healthy volunteers with motility in the ileum were on
average younger than those without motility. After the test
meal, motility could be detected in the ULQ and LRQ in 95 %
and 90 %, respectively, and the mean number of contractions
in the ULQ increased significantly. As expected, there was a
clearincrease in all BF-parameters postprandially.

Conclusion Regional motility in the small bowel was easier to
detect after a test meal. There were some associations between
demographic parameters and ultrasound parameters but over-
all the effects were relatively small.

Introduction

Pathological changes due to disease are often related to structural
changes but may also cause changes in physiology. In small bowel
disease, motility changes occurin celiac disease and bowel obstruc-
tion, and changes in blood flow are features of inflammatory bowel
disease and abdominal angina [1-3]. Small bowel physiology is dif-
ficult to study, however, as the small bowel is long and difficult to
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reach with instruments. Also, introducing an instrument into the
lumen of the small bowel may change the very phenomenon you
want to study.

Regional effects of peristalsis can be studied using manometry
[4], while transition times can be investigated using breath tests
and scintigraphy [5]. Wireless motility capsules provide data both
on local pressure and transit times, but the link between pressure
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and actual peristaltic movement is not established as many factors
other than peristalsis can register as pressure. Manometry is inva-
sive, difficult to interpret, and not readily available. Breath tests for
measuring transit time are problematic as the test in itself affects
transit and small bacterial overgrowth complicates interpretation
[6]. Scintigraphy methods are poorly standardized with a wide
range of normal values, and gastric and colonic transition will af-
fect the results in the small bowel. Wireless motility capsules de-
pend on pH landmarks which are not presentin 5-10 % of patients
[5]. It would thus seem like none of the current methods are ideal
[5,6].

Cross-sectional imaging offers another window to the small
bowel where it is theoretically possible to study the normal behav-
ior of the organ such as motility and blood flow. In the last 10-15
years dynamic magnetic resonance imaging (MRI) or cine-MRI has
been used to study both regional and global motility in the small
bowel and dysmotility in different disease states [7]. MRl is, how-
ever, an expensive tool with limited availability.

In comparison, gastrointestinal ultrasound (GIUS) is considera-
bly cheaper and far more readily available. GIUS can more than rival
MRI with regards to temporal and spatial resolution as a standard
5MHz abdominal probe has an axial and lateral resolution <0.5mm
and a frame rate >30Hzin B-mode [8]. GIUS is limited to the study
of regional motility, however, as only a section of the bowel can be
studied over time. Another useful aspect of ultrasound is that it can
be used to investigate bowel blood flow using Doppler during the
same session as motility [9]. Methodologically, we plan to expand
on our current knowledge and experience with upper Gl motility
using ultrasonography [10-12].

Currently, the literature on bowel motility using ultrasound is
limited. Early studies indicate a use for investigating motility in pa-
tients with celiac disease [2, 13-15]. In these studies, they only regi-
stered the presence or absence of peristalsis in fasting patients
[2,16]. In a study by von Volkmann et al. on patients with a defect
in the GUCY2C gene causing familial GUCY2C-diarroea syndrome
(FGDS), regional motility in the jejunum and terminal ileum was in-
vestigated using transabdominal ultrasound. They registered
whether contractions in the small bowel were occlusive or non-oc-
clusive as well as the presence of “back and forth” movement [12].
In another study using a meal challenge, they again compared the
FGDS group with healthy volunteers and found that the patients
had significantly more non-occlusive contractions in the ileum after
the meal challenge [11]. Non-occlusive contractions are not a find-
ing specific for FGDS patients and have been reported in presten-
otic bowel segments as well [17].

The blood flow to the small intestine is mostly through the su-
perior mesenteric artery. As early as 1998, Moneta et al. studied
meal effects in healthy volunteers and found a clear increase in all
flow parameters after 30 minutes [18]. Similar studies with slight-
ly different setups such as changes in meal composition or param-
eters being investigated have been performed [19, 20]. Results sug-
gest that a fatty meal causes the largest flow increase [18, 21], but
it may be delayed due to differences in gastric emptying. The delay
can be avoided by giving the meal directly into the duodenum [22].
Even the type of fatty acids used in the fatty meal can have differ-
ent effects on the flow. Long chain fatty acids (12-18 carbons)

cause the largest increase [23]. On the other hand, parenteral nu-
trition lowers the flow in the SMA [24].

Frequently, small bowel motility and blood flow parameters are
included in studies of pathology without there being clear data on
what the normal range of these data are. Typically, a matched con-
trol groupis used [1,13-15, 19, 25]. This may be useful when try-
ing to compare a specific population subgroup with its counterpart
but cannot be extrapolated to larger cohorts. A study including a
large healthy population with a wide range in age, balanced for gen-
der and no BMI restrictions should give results that can be gener-
alized to larger populations.

The aim of the study was to measure blood flow in the superior
mesenteric artery and regional motility in the small bowel with
transabdominal ultrasound. A further aim was to investigate how
ultrasound parameters related to physiological measurements such
as motility and how arterial blood flow was affected by fasting state,
age, sex, weight, height, and smoking status.

Materials and methods

Study subjects

122 healthy volunteers (61 men, 61 women) aged 20-80 were re-
cruited. The participants were divided into six subgroups accord-
ing to age with 10 from each genderin each subgroup: 20-29, 30-
39, 40-49, 50-59, 60-69, and 70-79 years. The subjects were re-
cruited from the hospital staff or among retirees. The exclusion
criteria were known Gl disease, previous surgery of the Gl tract ex-
cept appendectomy, symptoms that could be related to the gas-
trointestinal tract within the last two weeks, known heart failure,
medication with a known or suspected influence on the Gl tract,
and pregnancy. The study was approved by the Regional Ethics
Committee of Western Norway and informed consent was obtained
from all participants before entering the study. Background infor-
mation including age, sex, weight, height, and smoking status was
recorded.

The first 23 volunteers recruited were examined with GIUS both
before and after a test meal and the same parameters were regis-
tered in the first and second part of the examination. A 200 ml test
meal containing 300 Kcal (Nutricia Norge AS, Oslo, Norway) was
ingested over a 5-minute period. The meal contained a mixture of
24.6 g of carbohydrates, 13.4 g of fat and 20 g of protein. The vol-
unteer rested in a supine position for 30 minutes after the meal be-
fore the second part of the examination.

Gastrointestinal ultrasound examination

The examination was performed after overnight fasting (> 8 hours).
The healthy subjects were in a supine position and were asked to
rest for 5 minutes on a bench before starting the examination. We
used an ultrasound scanner (GE Logiq 9, GE Healthcare, Milwaukee,
USA) equipped with two ultrasound transducers: a curvilinear 1.5-
4.5MHz transducer (4 C) and a linear 6-8 MHz transducer (9L). The
4 Cwas set to center frequencies 4 MHz and the 9L to 8 MHz.

The flow in the superior mesenteric artery (SMA) was measured
using pulse wave Doppler with the 4 C transducer with a center fre-
quency of 4 MHz and a Doppler frequency of 1.9 MHz. The meas-
urement was performed during breath-hold under normal inspira-

E16 Nylund K et al. Assessment of Small Bowel ... Ultrasound Int Open 2022; 8: E15-E21 | © 2022. The Author(s)



tion. The SMA was identified in a midline section and the sample
volume was placed at least 1 cm from where the artery branches
from the aorta to avoid turbulence. The sample volume was adjust-
ed to fit the diameter of the superior mesenteric artery. The auto-
mated tracing over an average of 3 heartbeats was used for quan-
tifying the time-averaged mean needed to calculate flow while the
actual diameter was measured in B-mode to improve the accuracy
of cursor placement. The maximum and minimum velocities used
for calculating the resistive index and pulsatile index were meas-
ued manually in the spectral curve to increase accuracy (> Fig. 1).
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> Fig 1

An example of flow measurement in the superior mesen-
teric artery using spectral Doppler.

Small bowel motility was registered in two regions in the abdo-
men with the 9L transducer, the upper left quadrant and the lower
right quadrant. A small bowel segment was identified in each re-
gion and observed over a period of 1T min. A segment with visible
peristalsis was chosen over a segment without motility, and if there
were several segments with visible motility, the segment that
seemed most active at the start of the registration was selected for
acquisition. The segment was observed with the ultrasound imag-
ing plane through the longitudinal axis of the bowel. Although
some time was spent searching for the bowel segment to observe,
this period never lasted more than 2 minutes per segment. The
bowel segment in the upper left quadrant was defined as the jeju-
num and the bowel segment in the lower right segment as the
ileum. A peristaltic contraction was defined as any active propagat-
ing narrowing of the lumen (> Fig. 2). The number of observed peri-
staltic contractions was assessed in the observation period.

Statistics

Comparison between groups of healthy volunteers was performed
using the Fischer exact test, Student’s T-test, or Mann-Whitney U
test for paired samples, and comparisons between healthy volun-
teers before and after the test meal were performed using the Stu-
dent’s T-test for paired samples or the Wilcoxon signed-rank test
for continuous variables. Correlations were done using Pearson’s
correlation coefficient for continuous variables. All statistical anal-
yses were performed using SPSS software version 26 (IBM Inc., Ar-
monk, NY, USA).

> Fig2 A contraction propagating through a longitudinal section of a jejunal loop is shown. Nine sequential images starting from the upper left
corner and going from left to right demonstrate how a contraction starts from the left and propagates to the right. In the study this was registered

as a single contraction.
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»Fig3 Boxplots of the number of contractions per min in the jejunum and ileum assessed by ultrasound before and after the test meal. Using a
paired Wilcoxon signed-rank test, there was a significant difference in the number of contractions in the jejunum, but not in the ileum (p-values
shown in image). The central black line is the median, the boxes are the upper and lower quartiles, and the whiskers are the 10th and 90th percen-

tiles.

» Table 1 Comparison between meal group and non-meal group in a
study using gastrointestinal ultrasound. The mean * is displayed with
the standard deviation and the median * * with the range in parenthe-
ses. For sex the number of males and females is shown.

Variable Meal group N=23 Non-meal group
N=99

Age (years) * 40.6 (14.3) 50.2 (17.2)

Weight (kg) * 73.0 (11.5) 74.8 (13.7)

Height (M) * 1.75 (0.08) 1.73 (0.08)

Sex (F/M) 8/15 53/46

Smoking 3/23 12/99

Package years ** 6(9.5) 4.5 (56.3)

Results

There were no exclusions due to an inability of the volunteer to in-
gest the test meal. In three patients, one of whom was fasting and
two of whom received a test meal, motility was not registered due
to afailure to save the cine loops correctly. In 4 subjects flow could
not be measured due to poor visualization of the SMA. In some
cases not all the parameters were registered due to body habitus
or technical errors. There were no differences between the meal
group and non-meal group except for age (> Table 1).

General motility

The motility was registered in 121 healthy volunteers in the fasting
state. 46/121 (38 %) had no peristaltic movements in the fasting
state in the upper left quadrant, while the corresponding number
was 50/121 (41 %) in the lower right quadrant. The overall median
number of contractions was 4/min in both the jejunum and the
ileum and the interquartile range (IQR) was 8/min. If healthy vol-
unteers without any peristalsis were excluded from the analysis,
the median number of contractions was 7/min (IQR=6) in the je-
junum and 6/min (IQR=6) in the ileum.

Age, sex, and motility

Healthy volunteers with no fasting motility in the ileum were on
average older than those with motility (53.3 (17.7) years vs. 45.0
(15.9) years, p=0.008). This was not significantin the jejunum, and
there were no significant correlations in the number of peristaltic
contractions with regard to age, sex, weight, or height in the jeju-
num or the ileum for the subgroup of volunteers with detectable
motility during fasting.

Postprandial motility

Motility was present during fastingin 11/21 (52 %) in the upper left
and 13/21(62 %) in the lower right quadrant. After the meal, the
corresponding rate of detection was 20/21 (95 %) and 19/21 (90 %).
In this group the median number of contractions in the upper left
quadrant was 0 (IQR=7) before the meal and 5 (IQR=4) after the
meal. In the lower right quadrant, the median was 5 (IQR=9) be-
fore the meal and 6 (IQR =4) after the meal (> Fig. 3).

Blood flow overall

In 118 of 122 healthy volunteers, the Doppler flow in the SMA was
measured. None were excluded due to inability of the operator to
find an acceptable Doppler angle (<60 degrees). Accordingly, the
feasibility was 97 %. The blood flow measurements for the whole
group are shown in » Table 2.

Age, sex, and blood flow

There was a negative correlation between age and resistive index
(r=-0.2, p=0.03). It did not seem to affect the other flow param-
eters. The height correlated both with the diameter of the SMA
(r=0.52, p<0.001) and blood flow (r=0.34, p<0.001), but also
with the resistive index (r=0.2, p=0.033). Females had on average
a higher mean velocity in the SMA (31.6 + 9.2cm/s vs 28.21 %
7.3cm/s, p= 0.023) and lower Rl than men (R1=0.77 0.4 vsRI 0.78
0.4,p=0.041).

Weight, height, BMI, smoking, and blood flow

There was a correlation both between mean blood flow (r=0.30,
p=0.001) and resistive index (r=0.48, p=0.20) for patient height,
but not for mean velocity (r=-0.12, p=0.181). There were only 15
current smokers in the cohort and there were no differences in any
of the flow parameters between smokers and non-smokers.
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> Table 2 Flow parameters in the superior mesenteric artery in fasting volunteers assessed by Doppler ultrasound

Parameter N Lowest
Max velocity (cm/s) 118 74.5
Mean velocity (cm/s) 118 16.0
Mean flow (ml/min) 118 166.3
Resistive Index (RI) 118 0.67
Diameter (mm) 118 4.1

> Table 3 Flow parameters evaluated by Doppler ultrasound of the
superior mesenteric artery in 23 healthy volunteers after the test
meal

Parameter N Mini- Maxi- Mean Std.

mum mum devi-
ation

Max velocity 23 120.0 350.4 229.7 65.9

(cms)

Mean velocity 23 30.6 105.0 54.6 17.2

(cms)

Mean flow (ml/ 23 302.1 2401.3 11323 511.2

min)

Resistive Index 23 0.62 0.82 0.72 0.05

(RI)

Diameter (mm) 23 6.5 4.5 9.0 1.1

Meal and blood flow

In all 23 volunteers receiving the test meal, the flow in the SMA
could be measured. The results are summarized in > Table 3. There
were significant changes in the flow parameters. On average, the
maximum velocity increased from 161.5cm/s to 229.7 cm/s, the
mean blood flow from 562.2 cm/s to 1132.3 cm/s and the RI de-
creased from 0.77 to 0.72. Comparison of the different parameters
in these 23 volunteers is shown as boxplots in > Fig 4.

Discussion

This study shows the importance of a test meal when studying small
bowel motility using ultrasound. As expected, the detection of re-
gional motility increased markedly after a meal challenge. Moreo-
ver, we also found that healthy volunteers with no detected fasting
motility in the ileum were on average older than those with detect-
ed motility. There was excellent feasibility for measuring flow in the
SMA both fasting and postprandially. There was also a clearincrease
in SMA blood flow after the meal, while there was only an increase
in the number of peristaltic contractions in the jejunum after the
meal. The study indicated some relationships between different
demographic factors, flow in the SMA, and measurements of mo-
tility. There was increased flow in the SMA in relation to height and
an inverse relation between age and RI. Furthermore, the mean

Highest Mean Std. deviation
292.3 158 45.1

52.3 29.8 8.4

1188.3 554.7 228.9

0.85 0.78 0.04

9.0 6.3 1.0

velocity was slightly higher and the Rl was slightly lower in the SMA
in women.

Our findings with regard to fasting blood flow in the SMA corre-
spond to the existing literature except for the resistive index which
on average we found to be slightly lower. While we found a mean
of 0.78, Dietrich et al. in 2007 in a literature review showed that the
mean varied between 0.89 and 0.81 [1]. However, none of these
studies had more than 50 participants and most were examined as
controls in case-control studies. 40 patients over the age of 60 years
were included in our study which is uncommon in standard control
groups. As there was an inverse relationship between age and re-
sistive index, this may explain some of the differences in Rl between
our study and previous studies. Another explanation can be that
the sample volume was fitted to the diameter of the vessel. The size
of the sample volume is rarely reported [18-21], but if a sample
volume is smaller than the vessel diameter, it will not include the
full velocity spectrum. Symersky et al. set the sample area in simi-
lar fashion and found a fasting Rl of 0.80 (£ 0.03), which is compa-
rable to ourresults [22]. For the other parameters such as peak sys-
tolic velocity (81-147 cm/s), mean velocity (16-40 cm/s), and
blood flow (305-639 ml/min), our values were comparable to pre-
vious published literature [1].

There is considerable variability in the flow measurements in the
SMA. Especially the blood flow varies greatly with a range of 166.3
to 1188.3ml/min. This is also suggested in previous studies [1, 25].
This is partly due to differences in patient height which clearly af-
fects the diameter of the SMA and hence the blood flow. Some of
the variability can be explained by differences in patient size, but
not all. There may, for instance, be individual differences in how
much of the bowel is supplied by the SMA.

The higher mean velocity in the SMA in women has been previ-
ously reported by Szinnai et al. in 2001 although they found a larg-
er difference thanin our study (47 vs. 39 cm/s) [26]. While we found
a lower Rlin women, they measured and found a lower PI. There
were no significant differences in the peak velocity. Overall, the re-
sults suggest that women on average have a slightly lower resist-
ance in their splanchnic circulation when fasting.

The comparison of postprandial blood flow is more difficult to
compare with existing literature since the meal used, administra-
tion method, and time of investigation will often vary between
studies [21,22, 26]. In these studies, the investigators found a clear
drop of 0.05-0.1 in RI 30 minutes after the meal and an average in-
crease in blood flow from 50 % to 150 %. This is in line with the re-
sults from this study.
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> Fig4 Boxplots of maximum velocity, mean velocity blood flow, and resistive index in 23 healthy volunteers measured by Doppler ultrasound
before and after test meal. Using a paired Student's T-test, the measurements are all significantly different with p<0.001. The central black line is the
median, the boxes are the upper and lower quartiles, and the whiskers are the 10th and 90th percentiles.

During fasting the migrating motor complex is responsible for
the motility in the small bowel. It consists of 3 phases where the
longestis phase | in which there is no motility. Typically, this phase
can last for two hours interrupted by about 15 min of irregular con-
tractions during phase Il and regular phasic contractions for 5min
in phase Il1 [27, 28]. During phase Il the peristaltic movements
propagate through the whole length of the small bowel [29]. Dur-
ing fasting the small bowel is mostly in phase | and thus no motili-
ty can be detected. If only phases Il and Il give rise to contractions,
we should only have detected motility in about 20 % of our healthy
volunteers during an observation time that was less than 10 minin
total. This could be caused by the delay in propagation of peristal-
sis from the upper Gl tract. Since the speed of propagation slows
down in the distal direction, this causes the length of phases Il and
Il to increase in the distal part of the small intestine [29].

The frequency of contractions in the jejunum was higher post-
prandially while this was not the case for the ileum. This is proba-
bly because the 2" investigation was done after only 30 min which
would prevent the chyme from reaching the ileum. In this study,
healthy volunteers that had no motility were older on average. The
number of contractions did not seem to correlate with age. This
may suggest that older individuals spend a longer time in phase I.
This contradicts previous findings with manometry in the upper
part of the small bowel where no indication of a senescence of
phase 1 of MMC was found [30, 31]. Our findings are only sugges-
tive, and we clearly need a more precise method and longer obser-
vation time than we have employed in this study to obtain more
robust results regarding the MMC patterns. However, to the advan-
tage of GIUS, it can be used to study motility at several different lo-
cations not available for manometry.

Our study had some limitations. The meal group was on aver-
age younger than the fasting group due to differences in recruit-

ment. This may have affected the results to some degree as we did
find some effects of age on parameters such as Rl and presence of
fasting motility. Furthermore, the meal group was too small to fully
ascertain the relationship between ultrasound measurements and
demographic factors. Although the differences we found in the
fasting group related to age were small, it does not necessarily
mean that this will also be the case after a test meal.

We did not investigate the variability in assessing motility and
it can be argued that the method for selecting a bowel segment for
studying motility was biased and inaccurate as the bowel segment
was chosen purely based on visual inspection. However, the pur-
pose of the study was to investigate regional motility and not to in-
vestigate if it is representative for the entire small bowel.

Conclusion

We successfully measured blood flow in the SMA with pulse wave
Doppler before and after a test meal in almost all subjects, and we
found distinct changes in response to a meal. There is a consider-
able overlap between the parameters before and after the meal
suggesting that there is variability caused by other factors not in-
vestigated in this study. The study of motility cannot be done with-
out taking fasting state into account. While disease states proba-
bly can cause pathological changes both in the migrating motor
complex and in the meal-induced motility, the former may be dif-
ficult to investigate with GIUS since frequently no motility is detect-
ed during fasting. A test meal increases intestinal motility as ob-
served by gastrointestinal ultrasonography. Further development
of ultrasound methods using a test meal in combination with lumi-
nal contrast to improve characterization of regional motility may
improve this technique.
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